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A B S T R A C T
We describe the first known blood fluke from a marine mammal, the dugong, Dugong dugon (Sirenia:
Dugongidae), which represents a new species of aporocotylid, Cardicola dhangali n. sp. (Digenea:
Aporocotylidae). Eggs presumed to be of blood flukes have been previously reported from dugongs. This exciting
discovery raises questions regarding evolution and host-switching in the Aporocotylidae, which prior to this
study were only known to infect actinopterygian and chondrichthyan fishes. The new species has male and
female genital pores opening on the right side of the body, with the male genital pore opening posterior to the
entire reproductive system and the testis is extra-caecal. The uterus is highly convoluted, and the ovary is
irregularly lobate. These features, together with the size and number of the tegumental spines per row, easily
distinguish the new species from the most similar congeners Cardicola aurata Holzer et al., 2008, Cardicola
chaetodontis Yamaguti, 1970, Cardicola currani Bullard and Overstreet, 2004, Cardicola forsteri Cribb et al., 2000,
C. jiingurru Yong et al., 2016, and Cardicola palmeri Bullard and Overstreet, 2004, all of which infect acti-
nopterygian fishes. Given that Cardicola is the most diverse and least host-specific of the marine aporoctoylid
genera, it seems credible that a successful host-switch has occurred from an actinopterygian to D. dugon. Further
sampling of sirenians and other marine mammals is warranted to gain a more comprehensive understanding of
the evolutionary biology and biodiversity of the blood flukes (superfamily Schistosomatoidea Stiles and Hassall,
1898), but presents a substantial challenge with respect to their conservation status and large size.
1. Introduction
Blood flukes (Platyhelminthes: Digenea: Schistosomatoidea) are
aquatic parasites that infect the cardiovascular system of their defini-
tive host. Historically, blood flukes have been assigned to three families
corresponding to the vertebrate definitive host lineages they infect; the
Schistosomatidae, which infect birds and terrestrial mammals, the
Spirorchiidae, which infect reptiles and the Aporocotylidae, which in-
fect fishes. The schistosomatids are dioecious while the aporocotylids
and paraphyletic spirorchiids (Snyder, 2004; Orélis-Ribeiro et al., 2014)
are hermaphrodites (with the exception of the dioecious “spirorchiid”
infecting crocodiles, Griphobilharzia amoena Platt et al., 1991; see Brant
and Loker, 2005; Platt et al., 1991). Blood flukes exhibit a two-host life
cycle with asexual reproduction occurring in an invertebrate host and
direct penetration of the skin of the definitive host. Schistosomes and
most spirorchiids utilize gastropods as intermediate hosts (e.g. Brant
et al., 2006; Cribb et al., 2017a; see de Buron et al., 2018 for evidence of
spirorchiids using a polychaete intermediate host), while aporocotylids
of actinopterygians exploit freshwater gastropods (e.g. Evans and
Heckmann, 1973; Schell, 1974; Kirk and Lewis, 1993) and marine
terebellid polychaetes (e.g. Køie, 1982; Cribb et al., 2011; Sugihara
et al., 2014; Shirakashi et al., 2012). Recently, Cribb et al. (2017b)
provided compelling evidence that bivalves serve as distinct inter-
mediate hosts for aporocotylids of chondrichthyan fishes. The rate of
proposal of new genera and species of Aporocotylidae suggests that a
potentially high diversity remains to be discovered in this family (Cribb
and Bray, 2011).
To date, blood flukes have not been recorded from marine mam-
mals. The first indication that marine mammals may be susceptible was
reported by Marsh et al. (1984) who documented trematode parasite
eggs in ovary sections of the dugong, Dugong dugon (Müller, 1776;
Sirenia: Dugongidae). These eggs exhibited ‘distinct black paired spots’
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which is consistent with the description of dark bodies within devel-
oping Cardicola miracidia (McVay et al., 2011). Later, one of the au-
thors (DB) recovered a single aporocotylid blood fluke of suitable
quality for description from a stranded dugong in Townsville,
Queensland. Subsequent efforts by the authors to recover additional
specimens were unsuccessful due to a combination of the rarity of op-
portunities to necropsy fresh dugongs and the rapid decomposition of
the host and soft-bodied parasites in tropical environments (Eros et al.,
2007). Indeed, opportunities to conduct dugong necropsies are few
because they are protected in Australia under the Environment Pro-
tection and Biodiversity Act (1999).
Herein we describe the new species of aporocotylid discovered by
DB from Dugong dugon. This is timely given current global research
momentum in documenting species richness within the Aporocotylidae.
This novel species represents an important discovery that warrants
description despite the absence of molecular data. Future material and
molecular analyses could permit new inferences into the potential for
evolutionary expansion of the Aporocotylidae into marine mammals.
2. Materials and methods
A single male dugong, Dugong dugon (273 cm total length; tail width
90 cm; collectors' ID MM313) originating from the Strand, Townsville,
Queensland (19°15′00.0″S 146°49′59.9″E), in post-mortem condition
D2 (“carcass in good condition, fresh/edible”; Eros et al., 2007) was
dissected by DB on the 8th September 1992. A single aporocotylid was
recovered from heart washings. The specimen was not apparently alive
but was in good condition. It was fixed beneath a coverslip, with a small
dab of Vaseline® jelly under each corner (to prevent excess flattening)
while 10% formalin was drawn under the coverslip using absorbent
paper, prior to being stained with Gower's carmine, and mounted in
Canada balsam on a glass slide under a cover slip. A fragment of a
second specimen was noticed in heart washings but was lost. Ex-
amination of the heart, a common site for spirorchiid and aporocotylid
blood flukes, had been prompted by the report in Marsh et al. (1984) of
probable blood-fluke eggs in the ovaries of several dugongs. Animal
ethics statement: note that the animal was dead and found washed up
on a beach and therefore did not require specific animal ethics ap-
proval.
The parasite specimen was observed using an Olympus BX53 com-
pound light microscope fitted with direct interference contrast optics,
or a Leica DM LS2 compound light microscope fitted with phase-con-
trast optics. Drawings were made using a drawing tube connected to the
Leica DM LS2. All measurements are given in microns. Measurements
were taken using Olympus LabSens® image analysis software. Where
specifically indicated, measurements of curved structures following the
curvature were taken using the polyline function of the software. In the
interest of accessibility to the scientific community, images through the
focal plane of this rare specimen were prepared and made available as
supplementary video files: Hutson, K. (2019). Z-stack videos files for:
First record of a ‘fish’ blood fluke (Digenea: Aporocotylidae) from a
marine mammal: Cardicola dhangali n. sp. James Cook University.
(dataset). https://doi.org/10.25903/5c527ca5c8b6d Digital Object
Identifier (DOI):10.25903/5c527ca5c8b6d.
The following specimens were viewed for comparative purposes:
Cardicola brasiliensis Knoff and Amato, 1992 (University of Nebraska
State Museum 31717, 31718 paratypes; two slides), Cardicola whitteni
Manter, 1954 (KSH personal collection, voucher, one slide),
Paradeontacylix sanguinicoloides McIntosh, 1934 (South Australian
Museum Australian Helminth Collection [SAMA AHC] vouchers AHC
28909, 28910; two slides), Paradeontacylix sp. (SAMA AHC vouchers
AHC 28911, 28912; two slides).
3. Results
Family Aporocotylidae Odhner, 1912
Genus Cardicola Short, 1953
Cardicola dhangali n. sp.
3.1. Description (Figs. 1–3)
[Based on single whole-mounted holotype specimen] Body lanceo-
late (Fig. 1), 3690 in total length; 1105 wide at widest point; 3.3 times
longer than wide. Between 2 (anterior-most), and 20 lanceolate
Fig. 1. Cardicola dhangali n. sp. whole mount ventral view. Abbreviations: ac,
anterior caecal branch; alp, antero-lateral projection of posterior caecal branch;
fgp, female genital pore; me, Mehlis' glands; o, ovary; oes, oesophalgus, oöt,
oötype; pc, posterior caecal branch; sv, seminal vesicle; t, testicular field; ut,
uterus; vd, vas deferens; vitf, vitelline follicle. Scale bar= 1000 μm.
Fig. 2. Cardicola dhangali n. sp. anterior region detail. Abbreviations: dnc,
dorsal nerve commissure;m, mouth; ts, tegumental spines. Other abbreviations
as for Fig. 1. Scale bar= 100 μm.
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tegumental spines (Fig. 2) 7–8 long arranged marginally in ventro-lat-
eral rows initially 7–8 apart anteriorly, increasing to 11–14 apart at
body mid region, decreasing to 9–10 posteriorly. Tegumental bristles or
papillae not observed. Dorsal nerve commissure 18 thick, 186 from
anterior extremity. No discernible oral sucker present. Mouth small,
aperture 7 in diameter, immediately subterminal, ventral, slightly
raised from body surface and weakly domed (Fig. 2). Oesophagus 1071
long, occupying ∼29% of body length (Fig. 1). Caecum roughly H-
shaped (Fig. 1). Anterior caecal branches slightly curved, terminally
lobate (Fig. 1). Right anterior branch 359 long, left anterior branch 379
long, following curvature. Anterior caecal branches 796 and 828 from
anterior body extremity, respectively. Posterior caecal branches sig-
moidally convoluted (Fig. 1), each initially forming short antero-lat-
erally directed protuberance post-bifurcation (Fig. 1). Right protuber-
ance 59 long, left protuberance 55 long. Right posterior caecal branch
3055 long, left caecal branch 2757 long (following curvature), termi-
nating non-confluently dorsal to ovary (Fig. 1). Caecal extent occupies
∼58% of body length.
Testis (Figs. 1), 2388 long, 674 wide, not easily discernible, extra-
caecal, extending anteriorly, medially beyond anterior caecal branches,
but not reaching dorsal nerve commissure; extending posteriorly to
level of ovary and immediately anterior to uterus. Vas deferens dorsal
to ovary, arising medially from posterior portion of testis, initially
broad, narrowing distally and turning right, ventrally over proximal
uterine fold (Fig. 1), then posteriorly to meet curved seminal vesicle on
right side of body, posterior to remainder of reproductive system
(Figs. 1 and 3). Seminal vesicle curved to right, 194 long (following
curvature), 50 wide. Short, terminally folded ejaculatory duct present
(Figs. 1 and 3). Male genital pore difficult to discern, opens dorsally on
right of body, posterior to remainder of reproductive system in im-
mediate vicinity of short ejaculatory duct.
Ovary distinct, irregularly lobate, 327 long, 504 wide, positioned
medially and left in posterior body portion (Figs. 1 and 3). Oviduct exits
ovary posteriorly, left of body mid-line, travelling posteriorly before
opening into empty oviductal chamber 464 long, 147 wide. Duct
leading from oviductal chamber curves right to enter oötype (Figs. 1
and 3). Mehlis’ gland present (Figs. 1 and 3). Vitelline duct not ob-
served. Proximal portion of uterus broad, convoluted, travels anteriorly,
right of vas deferens to right posterior portion of ovary, narrows
slightly, becoming increasingly convoluted, extending right, curving
posteriorly to distal portion opening dorsally in prominent, muscular
female genital pore 256 from right body margin, in line with oötype,
well anterior to male genital pore, 487 from posterior body extremity
(Figs. 1 and 3). Vitelline follicles conspicuous along lateral outer margin
of lateral nerve to level of ovary on left of body, and anterior portion of
uterus on right. Vitelline follicles also present in anterior portion,
anterior to dorsal nerve commissure. Excretory vesicle not observed.
Type host: Dugong dugon (Müller, 1776).
Host details: adult male, unknown age, D2-condition, 273 cm; tail
width 90 cm (specimen number MM313).
Site in host: heart washings.
Type locality: The Strand, Townsville, Queensland, Australia
(19.25 S, 146.8333 E).
Type material: holotype (Queensland Museum G237841).
ZooBank registration: To comply with the regulations set out in
article 8.5 of the amended 2012 version of the International Code of
Zoological Nomenclature (ICZN, 1999), details of the new species have
been submitted to ZooBank. The Life Science Identifier (LSID). The LSID
for Cardicola dhangali n. sp. is http://zoobank.org/urn:lsid:zoobank.
org:pub:FC2C3CA7-503A-4846-AA28-D56E9B00B7B.
Etymology: the new species name is derived from the traditional
language (Kala Lagaw Ya) of the Western and Central islands of the
Torres Strait for dugong: ‘Dhangal’.
3.2. Remarks
Cardicola dhangali n. sp. differs from all other known Cardicola
species by its parasitism of the only known mammalian host for the
genus, Dugong dugon, its highly convoluted uterus (Figs. 1 and 3), and
the possession of antero-lateral projections on the posterior caecal
branches immediately post-bifurcation (Fig. 1). It is similar in mor-
phological aspects to Cardicola chaetodontis Yamaguti (1970) found in
the gills and heart of butterflyfishes, Cardicola aurata Holzer et al.
(2008) from Sparus aurata, Cardicola currani Bullard and Overstreet
(2004) from Sciaenops ocellatus, Cardicola forsteri Cribb et al. (2000),
Cardicola jiigurru Yong et al. (2016) from Chanos chanos, and Cardicola
palmeri Bullard and Overstreet (2004) from Pogonias cromis. The ma-
jority of Cardicola species possess female and male genital pores posi-
tioned to the left of the body mid-line. The genital pores of C. chaeto-
dontis (sensu Yamaguti, 1970) and the new species are positioned to the
right of the body mid-line. Of the male and female genital pores in
Cardicola species, the male genital pore alone of C. dhangali n. sp., C.
aurata, C. currani, C. forsteri, C. jiigurru, C. palmeri opens posterior to the
remainder of the reproductive system (see Cribb et al., 2000; Bullard
and Overstreet, 2004; Holzer et al., 2008; Yong et al., 2016).
Cardicola dhangali n. sp. can be distinguished from C. chaetodontis
(Yamaguti, 1970; Nolan and Cribb, 2006) by the position of the male
genital pore (not posterior to the reproductive system in the latter), the
morphology and position of the ovary, which is bi-lobed and medial in
C. chaetodontis, but irregularly lobate and positioned medial to left of
the body-mid line in the new species, and the extent and pathway of the
posterior caecal branches. The posterior caecal branches terminate
overlapping with the ovary of Cardicola dhangali n. sp. (Fig. 1), yet
terminate short of the ovary in C. chaetodontis (see Yamaguti, 1970;
Nolan and Cribb, 2006). The posterior caecal branches are character-
istically sigmoidally convoluted in Cardicola dhangali n. sp. (Fig. 1), yet
relatively straight in C. chaetodontis (see Yamaguti, 1970; Nolan and
Cribb, 2006).
Cardicola dhangali n. sp. differs from C. aurata, C. currani, C. forsteri,
Fig. 3. Cardicola dhangali n. sp. reproductive system (excluding testis).
Abbreviations: du; distal portion of uterus; ed, ejaculatory duct; oc, oviductal
chamber; od, oviduct; pu, proximal portion of uterus. Other abbreviations as for
Fig. 1. Scale bar= 150 μm.
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C. jiigurru, and C. palmeri in the position of the male genital pore on the
right side of the body. In addition, Cardicola dhangali n. sp. differs from
C. aurata in the size and shape of the seminal vesicle, which is much
larger in the latter, the morphology of the ejaculatory duct, which is
armed in C. aurata, and there are fewer tegumental spines per row
(4–11, and 11–14, respectively) in C. aurata and C. forsteri. Cardicola
dhangali n. sp. differs further from C. currani, C. jiigurru, and C. palmeri
by the size, or size and shape of its tegumental spines. These are
shortest in C. jiigurru (< 1 μm long); much larger and re-curved in C.
currani and C. palmeri. These three species are also further differentiated
from Cardicola dhangali n. sp. by the position or morphology of the
ovary, which is medial in C. currani and C. palmeri, rather than medial
to left of the body in the new species, and is clearly bi-lobed in C. jii-
gurru. The testis of C. aurata, C. chaetodontis, C. currani, and C. jiigurru is
inter-caecal, whereas the testis of the new species extends extra-cae-
cally. For additional morphological comparisons see Table 1.
4. Discussion
Infection of dugong (Dugong dugon) with an aporocotylid blood
fluke likely represents a host-switch event from an actinopterygian fish.
While this new host record presents an exciting discovery, it is less
surprising that the new species was morphologically attributed to
Cardicola, because it is the richest and least host-specific of the marine
aporocotylid genera. Cardicola is unusual compared to most other
aporocotylid genera in that it exhibits lower host-specificity; thirty-five
Cardicola species have been described from 14 actinopterygian fish
families, in contrast to its sister taxon, Paradeontacylix (see Holzer et al.,
2008; Yong et al., 2016, 2018), of which eight (of the nine described)
species only infect carangid fishes (e.g. Hutson and Whittington, 2006;
Repullés-Albelda et al., 2008; WoRMS Editorial Board, 2018). Cardicola
continues to exhibit a remarkable rate of discovery, with 24 new species
attributed to this genus since 2000 (Yong et al., 2018; WoRMS Editorial
Board, 2018). This is likely a consequence of multiple factors, including
the circulatory system historically being overlooked in routine fish
dissections (Cribb and Bray, 2011), increased dedicated taxonomic re-
search effort in the northern (e.g., Bullard and Overstreet, 2004; Bullard
et al., 2012; Bullard, 2010, 2013) and southern hemispheres (e.g.,
Nolan and Cribb, 2006, 2014; Yong et al., 2016, 2018), and importance
in aquaculture (e.g., Cribb et al., 2000; Ogawa et al., 2010). Recently,
Nolan et al. (2014) predicted that continued discovery of new Cardicola
species would likely reveal a series of radiations in association with
particular fish taxa, as well as evidence of host-switching.
Sirenian ancestry is remote from that of cetaceans or pinnipeds and
sirenians re-evolved an aquatic lifestyle independently of, although si-
multaneously with, cetaceans (Domning, 2009). Thus, it is unclear
whether dedicated parasitological necropsies will reveal more apor-
ocotylid richness in non-sirenian marine mammal groups. Indeed, un-
like most other taxa of marine mammals, modern sirenians, and espe-
cially dugongs, inhabit warm, shallow waters where many aporocotylid
species occur in fish hosts. Given this, host-switching of aporocotylids
into marine mammals is more likely to involve sirenians than cetaceans
or pinnipeds. Alternatively, given the low host specificity of Cardicola
and the shared habitat with dugongs, it is plausible that this discovery
may be a case of accidental infection. Parasitological surveys of a broad
range of marine mammalian taxa are probably not feasible because
traditional approaches to study parasites are impractical for large
marine mammals, most of which are protected (Hermosilla et al.,
2015). Thus, rare opportunities to acquire quality morphological and
molecular material, such as those from fresh strandings, must be seized
to enable the elucidation of the likelihood and frequency of host-
switching events and co-evolution in the Aporocotylidae.
The location of blood fluke eggs in the definitive host influences
transmission and pathogenesis and could potentially assist with
screening marine mammals for blood flukes. Successful parasite trans-
mission requires eggs or miracidia to escape from the closed circulatoryTa
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system. Some venous-dwelling schistosome eggs concentrate in the
nasal circulation of birds and terrestrial mammals, which are pre-
sumably released when the host submerges its head during drinking,
feeding or diving (Platt and Brooks, 1997). Adults of Schistosoma
mansoni Sambon, 1907 produce eggs that pass into the intestinal lumen
for release into the environment, while many eggs are carried to the
liver, where they become trapped, often causing severe pathology
(Pearce and MacDonald, 2002). Disease manifestation from egg accu-
mulation has led to the hypothesis that hosts that succumb to infection
in aquatic environments could release eggs via predation, scavengers,
or decomposition (Platt and Brooks, 1997). Indeed, the arterial-
dwelling spirorchiids release eggs in the direction of blood flow, which
results in the wide dissemination of eggs within the host (Platt and
Brooks, 1997). Aporocotylid miracidia are believed to primarily escape
to the external environment through the gills, while a few species’ eggs
probably traverse the gut or depend on the death of the host for release
(Lester et al., 2009; Bray et al., 2012). There are numerous reports of
aporocotylid eggs trapped in the heart of fish where they can become
encapsulated and die (Overstreet and Thulin, 1989; Ogawa et al., 1989;
Bullard and Overstreet, 2002, 2008; Lester et al., 2009; Yong et al.,
2013) and endocarditis has been associated with infections in aqua-
culture (Warren et al., 2017). Plausible routes to the external en-
vironment for aporocotylids of dugongs could include the lungs, nostrils
and excretory or reproductive systems. Aporocotylid eggs observed
trapped in dugong ovaries (Marsh et al., 1984) indicate that host death
may also be a feasible mechanism for release of eggs and transmission
to susceptible intermediate hosts. If blood flukes utilize mammalian
excretory systems for release of eggs like their schistosome relatives,
non-invasive detection could be feasible from collection of fecal de-
posits and the application of environmental DNA techniques.
5. Conclusions
Infection of dugongs with the aporocotylid blood fluke, Cardicola
dhangali n. sp., most likely represents a host-switch event from an ac-
tinopterygian fish. Given current research interest in aporocotylid dis-
covery and the evolutionary history of the Schistosomatoidea, it is of
intrinsic value to present this description of Cardicola dhangali n. sp. so
that researchers can maximize future sampling opportunities of sir-
enians and other marine mammals that might act as hosts.
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